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BESIII PDG

𝐁𝐫(Ξ → 𝚲𝒆−ഥ𝝂𝒆) 3.60 ± 0.40𝑠𝑡𝑎𝑡 ± 0.10𝑠𝑦𝑠𝑡 × 10−4 5.63 ± 0.31𝑡𝑜𝑡𝑎𝑙 × 10−4

𝐁𝐫(Ξ → 𝚲𝝁−ഥ𝝂𝝁) - 3.5−2.2
+3.5 × 10−4

Phys.Rev.Lett. 137 (2026) 9, 091801

𝚵 → 𝚲 semileptonic decay -3-

Branch ratio of  𝚵 → 𝚲𝒆ഥ𝝂𝒆 in experiment measurements

3.9σ

PDG: 2024 & Z.Phys.C 21 (1983) 27

1. Electron mode: the 3.9σ tension between experiments

2. Determination of 𝒈𝒂𝒗 = 𝒈𝟏(𝟎)/𝒇𝟏(𝟎)

3. Test lepton-flavor universality 

4. Provide theoretical input for precision measurements of the μ mode



-4-
PHYSICAL REVIEW LETTERS 135, 231901 (2025)

|𝑉𝑢𝑠| and CKM unitarity

 𝑉𝑢𝑑  𝑉𝑢𝑠  𝑉𝑢𝑏

 𝑉𝑐𝑑  𝑉𝑐𝑠  𝑉𝑐𝑏

 𝑉𝑡𝑑  𝑉𝑡𝑠  𝑉𝑡𝑏

|𝑉𝑢𝑑|2 +  |𝑉𝑢𝑠|2+ |𝑉𝑢𝑏|2 = 0.9984 ± 0.0007

PDG2026

|𝑉𝑢𝑑| =0.97367 ± 0.00032

𝑉𝑢𝑠 = 0.22431 ± 0.00085
|𝑉𝑢𝑏| = 0.00382 ± 0.00020

0.03%

0.4%

5%

τ and K decay determinations of 𝑉𝑢𝑠  differ by more than 2σ. 

Hyperon decays provide an independent test.

5. CKM matrix element unitarity test from baryon decay
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-6-What does lattice QCD calculate?

Weak decay amplitude

Leptonic current: known

Hadronic matrix element: calculated using lattice QCD

On the lattice, we calculate 2pt for the initial and final baryons and 3pt with a weak-current insertion.



3pt in lattice QCD

Two Wick contractions

s

d

u

d
𝑡𝑠𝑒𝑞

𝑡

-7-

s s

smear smear

Sequential source method

Interpolator of initial and final baryon

Sequential propagator



Form factors -8-

JHEP06 (2024) 122

Axial-vector to vector  coupling ratio:

Axial charge 𝒈𝑨
𝑯 : 𝒈𝑨

𝑯 = 𝑓1
𝑆𝑈 3

∗ 𝒈𝒂𝒗

Vector form factor：𝑓1
𝑆𝑈 3

= − 3/2

𝒈𝒂𝒗 = 𝑔1(0)/𝑓1(0)

PRD85, 014035 (2012)

We use the helicity based definition of the form factors

Weinberg form factors for gav
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Ensemble 𝐿3 × 𝑇 a (fm) smear size 𝑚𝜋(MeV) Nconf Nsrc

C24P34 243 × 64 0.10524 4 30 340.2 300 30

C32P29 323 × 64 0.10524 4 30 293.1 984 2

C32P23 323 × 64 0.10524 4 30 227.9 954 5

F32P30 323 × 96 0.07753 5 50 300.4 772 4

G36P29 363 × 108 0.06887 5 50 297.2 656 4

-10-

C32P29

C32P23

F32P30

C24P34

Lattice spacing

G36P29

Ensembles from CLQCD：

Lattice spacing：[0.06887, 0.10524] fm →   continuum limit extrapolation

Pion ：[227.9, 340.2] MeV    →   Pion mass extrapolation

Pion

mass

Lattice setup



2pt

𝐶2𝑝𝑡
+ (𝑡) = 2𝒎𝓑

𝟐 𝒇𝓑
𝟎 𝟐

𝑒−𝒎𝑩𝑡(1 + Δ𝐶 ⋅ 𝑒−Δ𝑚⋅𝑡)

Effective mass of  Ξ−

Effective energies  of Λ

C24P34
-11-

source sink

Parameterize in terms of decay constant



Form Factors：

-12-

𝑉𝑖 = 𝑎𝑓+(𝑞2) + 𝑏𝑓⊥(𝑞2) + 𝑐𝑓0(𝑞2), 𝑖 = 1~6

A𝑖 = 𝑎𝑔+(𝑞2) + 𝑏𝑔⊥(𝑞2) + 𝑐𝑔0(𝑞2), 𝑖 = 1~6

Reduction formula

current projector
tseq extrapolation



-13-

𝒇+ 𝒇⊥ 𝒇𝟎

𝒈+ 𝒈⊥ 𝒈𝟎

Extrapolation to t𝒔𝒆𝒒 → ∞ C32P23:(0,0,1)



Renormalization

Phys. Rev. D 111, no.5, 054504 (2025)

For the flavor-changing current J = തuΓV/As, we use

-14-

Bare lattice currents

Renormalization of form factors
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z-expansion：

𝒒𝟐 dependence from the z-expansion C24P34

𝒇+ 𝒇⊥ 𝒇𝟎

𝒈+ 𝒈⊥ 𝒈𝟎

Phys. Rev. D 103, 015033 (2021)
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𝒈⊥: 𝒂𝟎 𝒈𝟎: 𝒂𝟎

𝒇+: 𝒂𝟎 𝒇⊥: 𝒂𝟎
𝒇𝟎: 𝒂𝟎

𝒈+: 𝒂𝟎

Chiral and continuum extrapolation



-17-Chiral and continuum extrapolation

𝒈⊥: 𝒂𝟏 𝒈𝟎: 𝒂𝟏

𝒇+: 𝒂𝟏 𝒇⊥: 𝒂𝟏
𝒇𝟎: 𝒂𝟏

𝒈+: 𝒂𝟏



-18-Form factors at the physical point

𝒇+
𝒇⊥ 𝒇𝟎

𝒈+ 𝒈⊥ 𝒈𝟎



-19-Numerical results

Branching ratioDifferential decay width

Phys.Rev.Lett. 137 (2026) 9, 091801

PDG 2024 & Z.Phys.C 21 (1983) 27

JHEP 06 (2024) 122

Phys.Rev.D 114 (2026) 7, 074005

Phys.Rev.D 78 (2008) 094005

Phys.Rev.D 51 (1995) 2262-2270
Preliminary

This work BESIII PDG

𝐁𝐫(Ξ → 𝚲𝒆−ഥ𝝂𝒆) × 104 𝟒. 𝟎𝟔(𝟑𝟗)𝒔𝒕𝒂𝒕 3.60(40)𝑠𝑡𝑎𝑡(10)𝑠𝑦𝑠𝑡 5.63 (31)𝑡𝑜𝑡𝑎𝑙

g𝒂𝒗 𝟎. 𝟏𝟗𝟒(𝟏𝟗)𝒔𝒕𝒂𝒕 0.18(7)𝑠𝑡𝑎𝑡(1)𝑠𝑦𝑠𝑡 0.25(5)𝑡𝑜𝑡𝑎𝑙

Electron-mode branching fraction: within 1σ of BESIII, but more than 2σ from PDG.



-20-Numerical results

CKM matrix element |Vus| Unitarity

Nature 657 (2026) 8130, 92-97

Phys.Rev.Lett. 135 (2025) 23, 231901

Lepton-flavor ratio



-21-Summary and outlook

Summary:

 1. We calculated vector and axial helicity form factors of  Ξ → 𝜦ℓത𝝂ℓ 

 2. Performed chiral and continuum extrapolations

3. Obtained the preliminary results of branching ratio and g𝒂𝒗 

Outlook:

Extend the calculation to other baryon semileptonic decays, 

like Ξ𝒄 → Ξℓത𝝂ℓ

Apply 3pt to other baryon observables

…
Thanks for

your attention!
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Appendix



-23-约化方程： p=(0,0,0)



-24-约化方程： mom=(0,0,1) 𝑉𝑖 = 𝐴f+(𝑞2) + 𝐵𝑓⊥(𝑞2) + 𝐶𝑓0(𝑞2), 𝑖 = 1~6



-25-约化方程： p=(0,1,1)



-26-约化方程： p=(1,1,1)
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𝒈⊥

𝒇⊥

C32P23:(0,0,0)

𝒇+ 𝒇𝟎

𝒈+ 𝒈𝟎

近似

相等 近似

Extrapolation to t𝒔𝒆𝒒 → ∞
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𝒇+ 𝒇⊥ 𝒇𝟎

𝒈+ 𝒈⊥ 𝒈𝟎

C32P23:(0,0,1)Extrapolation to t𝒔𝒆𝒒 → ∞



-29-C32P23:(0,1,1)

𝒇+ 𝒇⊥ 𝒇𝟎

𝒈+ 𝒈⊥ 𝒈𝟎

Extrapolation to t𝒔𝒆𝒒 → ∞



-30-C32P23:(1,1,1)

𝒇+ 𝒇⊥ 𝒇𝟎

𝒈+ 𝒈⊥ 𝒈𝟎

Extrapolation to t𝒔𝒆𝒒 → ∞



-31-Form factor comparison

JHEP 06 (2024) 122

Phys.Rev.D 114 (2026) 7, 074005



-32-Form factor comparison

Obtain decay width from formfactors

Wienberg form factors and helicity form factors
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   𝚵 − → 𝚲  ℓ −    𝝂 - ℓ


  𝐁 𝐫 ( Ξ → 𝚲  𝒆 −    𝝂 - 𝒆 )


   ( 3 . 60 ±   0 . 40  s t a t ±   0 . 10  s y s t ) ×  10  − 4


   ( 5 . 63 ±   0 . 31  t o t a l ) ×  10  − 4


  𝐁 𝐫 ( Ξ → 𝚲  𝝁 −    𝝂 - 𝝁 )


    3 . 5  − 2 . 2  + 3 . 5 ×  10  − 4


  𝚵 → 𝚲


  𝚵 → 𝚲   𝒆  𝝂 - 𝒆


     𝒈  𝒂 𝒗 =  𝒈 𝟏 ( 𝟎 ) /  𝒇 𝟏 ( 𝟎 )


  |  V  u s |


   (        V  u d      V  u s      V  u b       V  c d      V  c s      V  c b       V  t d      V  t s      V  t b )


        | V  u d | 2 +       | V  u s | 2


        | V  u b | 2 = 0 . 9984 ± 0 . 0007


    | V  u d | =


  ±


   |  V  u s | = 0 . 22431   ± 0 . 00085


    | V  u b | = 0 . 00382 ± 0 . 00020


   |  V  u s |


   t  s e q


  t


   𝒈 𝑨 𝑯


   𝒈 𝑨 𝑯 =  f 1  S U  ( 3 ) ∗  𝒈  𝒂 𝒗  


   f 1  S U  ( 3 ) = −  3 / 2


   𝒈  𝒂 𝒗   =  g 1 ( 0 ) /  f 1 ( 0 )


   g av


   L 3 × T


   m 𝜋


   24 3 × 64


   32 3 × 64


   32 3 × 64


   32 3 × 96


   36 3 × 108


   C  2 p t + ( t ) = 2  𝒎 𝓑 𝟐  𝒇 𝓑   ( 𝟎 ) 𝟐  e  −  𝒎 𝑩 t ( 1 + Δ C ⋅  e  − Δ m ⋅ t )


   Ξ −


  Λ


   V i = a  f + (  q 2 ) + b  f ⊥ (  q 2 ) + c  f 0 (  q 2 ) ,     i = 1 ~ 6


   A i = a  g + (  q 2 ) + b  g ⊥ (  q 2 ) + c  g 0 (  q 2 ) ,     i = 1 ~ 6


   𝒇 +


   𝒇 ⊥


   𝒇 𝟎


   𝒈 +


   𝒈 ⊥


   𝒈 𝟎


   t  𝒔 𝒆 𝒒 → ∞


    J =  u -  Γ  V / A s


   𝒒 𝟐


   𝒇 +


   𝒇 ⊥


   𝒇 𝟎


   𝒈 +


   𝒈 ⊥


   𝒈 𝟎


   𝒈 ⊥ :  𝒂 𝟎


   𝒈 𝟎 :  𝒂 𝟎


   𝒇 + :  𝒂 𝟎


   𝒇 ⊥ :  𝒂 𝟎


   𝒇 𝟎 :  𝒂 𝟎


   𝒈 + :  𝒂 𝟎


   𝒈 ⊥ :  𝒂 𝟏


   𝒈 𝟎 :  𝒂 𝟏


   𝒇 + :  𝒂 𝟏


   𝒇 ⊥ :  𝒂 𝟏


   𝒇 𝟎 :  𝒂 𝟏


   𝒈 + :  𝒂 𝟏


   𝒇 +


   𝒇 ⊥


   𝒇 𝟎


   𝒈 +


   𝒈 ⊥


   𝒈 𝟎


  𝐁 𝐫 ( Ξ → 𝚲  𝒆 −    𝝂 - 𝒆 )


  ×  10 4


  𝟒 . 𝟎 𝟔   ( 𝟑 𝟗 )  𝒔 𝒕 𝒂 𝒕


  3 . 60 (   40 )  s t a t (   10 )  s y s t


  5 . 63   (   31 )  t o t a l


   g  𝒂 𝒗


  𝟎 . 𝟏 𝟗 𝟒 (   𝟏 𝟗 )  𝒔 𝒕 𝒂 𝒕


  0 . 18 (   7 )  s t a t (   1 )  s y s t


  0 . 25 (   5 )  t o t a l


  Ξ → 𝜦 ℓ    𝝂 - ℓ


   g  𝒂 𝒗


   Ξ 𝒄 → Ξ ℓ    𝝂 - ℓ


   V i = A  f + (  q 2 ) + B  f ⊥ (  q 2 ) + C  f 0 (  q 2 ) ,     i = 1 ~ 6


   𝒈 ⊥


   𝒇 ⊥


   𝒇 +


   𝒇 𝟎


   𝒈 +


   𝒈 𝟎


   t  𝒔 𝒆 𝒒 → ∞


   𝒇 +


   𝒇 ⊥


   𝒇 𝟎


   𝒈 +


   𝒈 ⊥


   𝒈 𝟎


   t  𝒔 𝒆 𝒒 → ∞


   𝒇 +


   𝒇 ⊥


   𝒇 𝟎


   𝒈 +


   𝒈 ⊥


   𝒈 𝟎


   t  𝒔 𝒆 𝒒 → ∞


   𝒇 +


   𝒇 ⊥


   𝒇 𝟎


   𝒈 +


   𝒈 ⊥


   𝒈 𝟎


   t  𝒔 𝒆 𝒒 → ∞

